ABSTRACT: Polymer self-assembly in solution is a simple strategy for the preparation of elegant yet complex nanomaterials. However, exhaustive synthesis of the copolymer synthons is often required to access specific assemblies. In this work we show that the blending of just two diblock copolymers with identical block lengths but varying hydrophobic monomer incorporations can be used to access a range of assemblies of intermediate hydrophobic composition. Indeed, the nanostructures produced from blending are identical to those formed with the directly synthesized copolymer of the same composition. This new approach presents researchers with a more efficient and accessible methodology to access precision self-assembled nanostructures, and we highlight its potential by applying it to a demonstrator catalytically active system. N ature captivates us with its ability to produce precise supramolecular nanostructures in highly competitive environments. In soft nanotechnology, attempts have been made to mimic the form and function of Nature's nanostructures using amphiphilic block copolymers which spontaneously self-assemble in selective solvents.
N ature captivates us with its ability to produce precise supramolecular nanostructures in highly competitive environments. In soft nanotechnology, attempts have been made to mimic the form and function of Nature's nanostructures using amphiphilic block copolymers which spontaneously self-assemble in selective solvents. 1−3 These synthetic nanostructures have enormous potential in a variety of applications including delivery agents, imaging, and enhanced oil recovery. 4−9 However, for an amphiphilic block copolymer to be specific to a desired application, the chemical structure must be adapted to yield the desired characteristics on the nanoscale in terms of size, aggregation number, functionality, and often response to an external stimulus. 10−12 This explains partly why a plethora of amphiphilic block copolymers and associated assembled nanostructures can be found in the literature, each new nanostructure requiring a new polymer and therefore a new synthetic batch.
To overcome this problem of laborious custom polymer synthesis for every desired nanostructure, an attractive strategy would be to blend two polymers, differing in terms of structural characteristics and stimuli response, to obtain a range of blends exhibiting characteristics between those of the two polymers. 13−21 This strategy would provide a route for accessing a wide range of functional properties or responses to stimuli, with only two polymers blended at various stoichiometry rather than a different polymer for each desired property.
Although previous reports exist on the blending of diblock copolymers, these reports have utilized blending to explore polymer morphologies that are typically not accessed through the self-assembly of a single polymer system. 22−24 In contrast here, our strategy was to blend two block−random diblock copolymers for a targeted assembly approach where specific polymer assemblies with precise characteristics could then be generated. Here the block−random diblock copolymers consist of a homopolymeric hydrophilic block connected to a hydrophobic block containing both hydrophilic and hydrophobic units statistically distributed. 25 The use of such polymers presents two assets. First, it has been shown recently that modifying the ratio of hydrophilic to hydrophobic units distributed statistically in the associating block allowed for tunable characteristics of the assemblies in water in terms of aggregation and resulting properties. 26−33 Moreover, incorporating hydrophilic units within the hydrophobic block of such polymers moderates their hydrophobicity so that the resulting self-assembled structures are in dynamic equilibrium with free unassembled chains (unimers) . [27] [28] [29] [30] 33 It must be realized that this second aspect is a prerequisite of the utmost importance for the proposed targeted assembly strategy. Indeed, most amphiphilic block copolymers described in the literature lead to "frozen" self-assemblies. 34 Since these out-of-equilibrium structures are unable to reorganize, two micelles consisting of different polymers could not rearrange into mixed micelles. Indeed, even if the mixing was thermodynamically possible, it would be prevented for kinetic reasons. 16,18,20,24,34−38 Our strategy consisted in mixing two block−random copolymers differing only in the ratio of comonomers in order to form blended micelles whose size and aggregation number depended on the content of each block−random copolymer in the blend. This simple blending protocol allows us to tune the characteristics of blended micelles in solution by simple formulation rather than by a demanding synthetic approach. Moreover, the blended micelles were structurally identical to those formed by a single block−random copolymer matching the overall composition of the blend. Given the simplicity of this method, we extended it to a catalytically active L-proline system, allowing us to specifically target precise and isolated catalytic pockets mimicking those found in natural biological systems.
■ RESULTS AND DISCUSSION
Formation of Blended Micelles. First, we studied the selfassembly in aqueous solution of blends of two P(DMAEMA-co-DEAEMA)-b-PDMAEMA diblock copolymers (DMAEMA: N,N-dimethylaminoethylmethacrylate, DEAEMA: N,N-diethylaminoethylmethacrylate) (Figure 1 ) containing respectively 32 mol% (P-32, where P stands for "pure") and 91 mol% (P-91) of DEAEMA in the core-forming block. Altering the ratio of these two polymers in the blend allowed us to target different DEAEMA contents (B-50, B-65, B-76, and B-85 , where B stands for "blend"). The behavior of the blends could then be compared with that of pure P(DMAEMA-co-DEAEMA)-b-PDMAEMA polymers with the same average composition (P-50, P-65, P-76, and P-85), but where all chains are quasiidentical. The synthesis and characterization in aqueous solution of the pure diblock copolymers with varying DEAEMA incorporation were reported previously (Table 1) . 33 Here, all polymers were studied at α = 0 in 0.1 M NaCl solution, and thus all DEAEMA units are hydrophobic. α represents the overall ionization degree of the DEAEMA and DMAEMA units; that is, the ratio of these units that are positively charged. Note that at α = 0 P-91 self-assembles into spherical micelles, whereas P-32 remains as unimers. Two methods of preparation were used to verify if equilibrium was reached and that blended micelles were obtained by the coassembly of P-91 and of P-32 rather than a mixture of micelles of P-91 and unimers of P-32. Method A (unimer blending, Figure 1 ) consisted of mixing bulk polymer powders and dissolving the polymers at α = 1 and finally lowering the value of α to 0. With this method, the starting solution is a mixture of unimers, which probably favors the formation of blended micelles as thermodynamic equilibrium is reached Figure 1 . Schematic demonstrating the blending protocols employed. Center: schematic of the P(DMAEMA-co-DEAEMA)-b-PDMAEMA diblock copolymers. Method A: dry powder mixing (unimer blending); polymers are first mixed in the unimer state to match the desired DEAMEA n % and then subsequently assembled. Method B: micelle blending; polymers are first solubilized separately and then mixed to match the desired DEAEMA n %. Using method B, P-91 is already assembled whereas P-32 exists as unimers at α = 0. upon decrease of α, the solvent quality for the core-forming block. 39, 40 For method B, (micelle blending, Figure 1 ), P-32 and P-91 are first dispersed independently and then blended only once they have reached α = 0. If unimer exchange does not occur, no blended micelles are expected to form due to kinetic limitations.
Macromolecules
First, it can be seen in Figures 2a and 2b that steady state is only reached after several days with method B, the micelle blending route, whereas with method A blended micelles are formed after 1 day. However, both methods lead to the same structures being formed (Figure 2c ), which is strongly indicative of both blend systems being at equilibrium. At equilibrium (final blend state), the weight-average aggregation number of the micelles is strongly different from the value expected for a mixture of nonblended P-91 micelles and P-32 unimers (shown as the straight line in Figure 2a ) which can be calculated according to eq 1, where C is the weight concentration of the polymers in solution. It can be concluded that no matter the preparation method, P-32 and P-91 coassemble at α = 0 into blended micelles where the structure is governed by the blending ratio of the two parent polymers. 
Since blended micelles are formed even with method B and taking into account that these hybrid micelles are smaller in aggregation number than the initial P-91 micelles, it can be deduced that unimer exchange does occur, causing the formation of the blended micelles.
41−43 It should be noted that for star-like micelles R h only weakly depends on N agg ; hence, N agg varied during the reorganization but R h was hardly affected.
44 Additional small-angle X-ray scattering (SAXS) studies (Figures 2b, d ) confirm this exchange of unimers to form blended micelles. From the Porod representation ( Figure  2b ), the shift in the first oscillation is clearly visible, highlighting the reorganization to blended micelles over time. Furthermore, when the first minima in the SAXS profiles (Figure 2d ) are (Figure 2a ).
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Structural Comparison of Blended Micelles and Pure Micelles. The blended micelles formed by mixing different ratios of P-32 and P-91 (using method A, unimer blending) were compared to those obtained with a pure diblock copolymer matching the average chemical composition of the blend. For these samples, laser light scattering (LLS) (Figures  2c and 3a) , SAXS (Figure 3b) , and cryogenic transmission electron microscopy (cryo-TEM) ( Figure 4 ) were used to analyze the size (R h and R c ) of the blended and pure micelles. Remarkably for both the blended and pure micelles above 50% DEAEMA the core sizes are structurally indistinguishable to one another when any of the analysis methods are used ( Figure  4 and see Supporting Information for micelle dimensions from SAXS data fits and additional cryo-TEM analysis). However, it should be noted that for 50% DEAEMA (Figure 3b , bottom right pane), a difference between the blended and pure samples is observed. At this composition the pure micelles are only weakly associated and exhibit very little contrast between the core and corona. This correlates with critical aggregation concentration studies, CAC (see Supporting Information), where the association of P-91 was proposed to drive the association of the blended micelles. Furthermore, the blended samples contain a highly aggregating species, and it is hypothesized that this species gives an increased core−corona contrast for the blend assembly. Nevertheless, as both blended and pure systems observed are identical, it is believed that the systems reach equilibrium, where a system at dynamic equilibrium allows for successful blending. 24, 46 Both SAXS and cryo-TEM have the benefit of being able to directly probe the core size of the micellar aggregates in addition to LLS, which allows a theoretical core size to be calculated using eq S6. This allows a comparison of three techniques (LLS, cryo-TEM, and SAXS) to fully analyze the blended and pure micelles ( Table 2) . A general trend observed is that a decrease in DEAEMA content (from 85% to 50%) gave smaller core sizes. However, the core sizes from cryo-TEM Note that for the 85%, 76%, and 65% samples the profiles superimpose for the blended and pure solutions. See Table 2 and Table S4 for SAXS fits. All samples were prepared using assembly method A. b Calculated from eq S6 using R c from cryo-TEM and N agg from SLS.
Macromolecules
Article and SAXS give slightly larger sizes than calculated from the N agg determined by LLS, which can be attributed to the small contrast difference between the core and corona; therefore, the corona is partially seen. The core size determined from LLS is calculated assuming that the density of the core is equal to that of the bulk density of the two monomers and is assumed to be constant. However, by using a combination of LLS and cryo-TEM, the core density can be explored further; specifically, a decrease in core density is attributed to an increase in the hydration of the core. This core analysis was explored using a combination of Z-average core sizes from cryo-TEM and N agg values from LLS to predict the core density using eq S6; however, the calculated core densities, approximately <0.2 g/mL (Table 2) , are too low to provide significant contrast for cryo-TEM, which leads us to believe that the corona must be visible. Moreover, the difference in the scattering length densities between the two monomers for SAXS analysis is extremely small (4.8 × 10
, which results in a portion of the coronal chains being included in the core size when analyzed by SAXS.
Application to Catalytically Active Micelles. This blending method provides a simple and effective route to achieve defined nanoscale assemblies without laborious synthetic approaches. These results demonstrate that the blending strategy can be used to screen both the morphology and function of pure diblock copolymer micelles which can then be adapted for a target application. To highlight the utility of this new approach, we investigated the blending of three diblock copolymers (Figure 5a ), with varying incorporations of L-proline in the core domain, to form catalytically active nanostructures.
This strategy allows us to compare the catalytic activity of the pure and blended micelle assemblies and confirm that the proposed strategy is not only relevant from a fundamental point of view but can be used to prepare functional assemblies with targeted properties. As these L-proline block copolymers chemically differ from the pH-responsive methacrylate polymers shown previously, the assembly procedure for these particles was slightly modified (see Supporting Information for details).
Briefly, the powders were mixed and dispersed in water. However, due to the high T g of methyl methacrylate in the core block, dynamic equilibrium was not reached at room temperature. The solutions were therefore heated to 75°C for 4 h. The increase in temperature allows for the core block to become more mobile and reduces the energy barrier for molecular exchange thus allowing equilibrium to be reached, 34 resulting in a reorganization of the system as revealed by the difference between the heated and non-heated solutions in Figure 5c .
This reorganization was the first suggestion that blending did occur, provided that the mixing was done at sufficiently high temperature. This was further confirmed using eq S10 which allows for a theoretical relaxation times distribution to be calculated for a nonblended mixture of micelles (see Supporting Information for details). As shown in Figure 5d , the theoretical relaxation distribution does not match the experimentally observed value, indicating that blended micelles are formed rather than a simple mixture of two micelles of different compositions.
Moreover, for these three polymers it was observed that the blended micelles which are formed are identical to the pure copolymer assemblies (Figures 5b,c) . 
Article To understand and evaluate the catalytic performance of these blended micelles compared to the pure micelles, an aldol reaction was undertaken ( Figure 6a ). An increase in the Lproline content in the core gives a decrease in the conversion after 24 h as previously reported (Figure 6b) . 47 The kinetics of the aldol catalysis using the blended (47% conversion for B-25) and pure micelles (50% conversion for P-25) were very similar ( Figure 6b) .
Given that the concentration of catalyst was constant in these reactions and previous work suggests that the structure of these L-proline micelles dictates the catalytic activity, 48 we can infer that the catalytic environment created in both assemblies are identical. This emphasizes that the copolymer blending method, in which two copolymers of differing compositions are blended, produces micelles which have not only the same structure but the same function as the assemblies prepared from the assembly of a precision copolymer of the same composition.
■ CONCLUSIONS
A simple copolymer blending method has been utilized to produce a range of polymeric micelles in aqueous solution. In this approach two copolymers with high and low incorporations of hydrophobic monomer are blended to afford a variety of polymeric micelles with varying intermediate hydrophobic compositions. By a combination of cryo-TEM, laser light, and small-angle X-ray scattering methods, these blended micelles were found to be structurally identical to pure micelles with the same composition formed from the direct assembly of a single compositionally pure polymer diblock. This work represents an advantage over traditional approaches for the preparation of spherical nanostructures with specific structural characteristics as it requires minimal synthesis and allows access to the full range of intermediate copolymer compositions through a simple blending approach rather than exhaustive synthesis. We propose this new methodology as a simple, scalable, and effective route to obtain functional block copolymer micelles of diverse compositions and properties as desired for applications such as drug delivery vehicles, stabilizers, or catalytic reactors.
The Supporting Information is available free of charge on the ACS Publications website at DOI: 10.1021/acs.macromol.5b01426.
Additional characterization data, SLS and DLS data, SAXS data, cryo-TEM images, and CAC fluorescent experiments for polymers P-32−P-91, B-50−B-85, and L-proline polymers (PDF)
. *E-mail: olivier.colombani@univ-lemans.fr (O.C.). *E-mail: christophe.chassenieux@univ-lemans.fr (C.C.).
Notes
The authors declare no competing financial interest.
■ ACKNOWLEDGMENTS
The ESF P2M, EPSRC, and AFOSR-DOD are thanked for financial support. We acknowledge cryo-TEM, paid for by the Air Force Office of Scientific Research (PECASE-FA9550-11-1-01-5 Comparison of the relaxation distribution for the pure and blended micelles of P (MMA-co-ProMA)-b-PDMA diblock copolymers. ......................................................................................................... 
Methods and Materials

Materials
Monomers were filtered through a plug of silica prior to use and stored at 4 °C. Proline methacrylate was synthesized as previously reported.
1 AIBN (2,2'-azo-bis(isobutyronitrile)) was recrystallized from methanol and stored in the dark at 4 C. All other materials were used as received from Aldrich, Fluka, and Acros. HCl (1M) and NaOH (1M) were calibrated and standardized using tris(hydroxymethyl)-aminomethane and potassium hydrogen phthalate respectively.
Characterization methods
H Nuclear magnetic resonance
1 H Nuclear magnetic resonance (NMR) spectra were recorded on a Bruker DPX-400 spectrometer in CDCl 3 . Chemical shifts are given in ppm downfield from TMS.
Size exclusion chromatography
Size exclusion chromatography (SEC) measurements were performed at 40 °C with HPLC grade dimethylformamide (DMF) with 1.06 g/L of LiCl as an eluent and at a flow rate of 1 mL/min. The molecular weights of the synthesized polymers were calculated relative to poly(methyl methacrylate) (PMMA) standards from refractive index traces.
Refractive index increment
The specific refractive index increment (dn/dC) of the polymers in water was measured on a refractometer (Bischoff RI detector) operating at a wavelength of 632 nm. All polymer dn/dC were between 0.121 and 0.129 g/mL at α = 0.
Laser light scattering (LLS)
Measurements were performed at angles of observation ranging from 20° up to 130° with an ALV CGS3 setup operating at λ 0 = 632 nm and at 20 °C ± 1 °C. Data were collected in duplicate with 240 s run times. Calibration was achieved with filtered toluene and the background was measured with filtered solvent (NaCl 0.1 M solution).
Dynamic light scattering (DLS)
The normalized intensity autocorrelation functions g 2 (t) obtained from dynamic light scattering were related to g 1 (t) (the normalized electric field autocorrelation functions) via the so-called Siegert relation.
Then g 1 (t) were analyzed in terms of a continuous distribution of relaxation times (eqn. S1) using the REPES routine 2 without assuming a specific mathematical shape for the distribution of the relaxation times (A()). When comparing micelle distributions directly to one another the Gaus-Gex routine was used.
The apparent diffusion coefficient D was calculated from eqn. S2 given that the z-average relaxation rates  of the scatterers were q 2 -dependent, where q is the scattering vector given by q = (4n/λ 0 ) . sin(/2) with  the angle of observation and n = 1.333 the refractive index of the solvent (water). 
Static light scattering (SLS)
The Rayleigh ratio of the solutions have been measured using toluene as a reference according to: R  = (I solution ()-I solvent ())/I toluene ().R tol where I i represents the intensity scattered by species i and R tol is the Rayleigh ratio of the reference. We use typically R tol = 1.35 × 10 −5 cm −1 the Rayleigh ratio of toluene for a wavelength λ = 632.8 nm. In dilute solutions if R g .q < 1 where R g is the radius of gyration, the q and concentration dependence of R  is given by: (eqn S4).
Where A 2 is the second virial coefficient and M w the weight average molecular weight. K is an optical constant given by (eqn. S5):
Where n o = 1.496 is the refractive index of the reference liquid (toluene), dn/dC is the specific refractive index increment determined by differential refractometry and N A is Avogadro's number. Values of M w are then obtained after extrapolation to zero concentration and angle and used to derive the aggregation number of the micellar aggregates N agg = M w,aggregate /M w,unimers . For spherical morphologies, it is possible to deduce the core radius, R c , from the aggregation number, using equation S6 assuming the core block is dehydrated and its density matches that of the bulk value, ρ, which is assumed to be constant.
When in some cases two modes of relaxation were observed by DLS measurements, R  was described as the sum of a fast and a slow contribution according to (eqn. S7).
Where f and s stand respectively for fast and slow and using equation S8 R f could be calculated:
Where A f and A s are the relative amplitudes of the fast and slow modes obtained by DLS. The slow mode of relaxation when observed can be attributed to spurious aggregates with a negligible weight 7 fraction but larger scattering intensity. [5] [6] [7] Consequently, only the fast mode was taken into account, assuming that the polymer concentration involved in the fast mode corresponded to the macroscopic polymer concentration.
Using a combination of DLS and SLS, for spherical morphologies it is possible to deduce the coronal stretching, using equation S9, where 0.25 is the bond length in nanometres of a vinyl repeat unit along the polymer chain.
Small angle X-ray scattering (SAXS).
Measurements were performed at the Australian Synchrotron facility at a photon energy of 11 keV.
Measurements for the L-proline systems were performed at Diamond Light Source on beamline B21 at a photon energy of 12.4 keV. Samples were collected at a sample to detector distance 
Cryogenic transmission electron microscopy samples (cryo-TEM).
Cryo-TEM was conducted on a FEI Sphera microscope operated at 200 keV. 3.5 L of sample was added to freshly glow discharged Quantifoil R2/2 TEM grids. The grids were blotted with filter paper under high humidity to create thin films and rapidly plunged into liquid ethane. The grids were transferred to the microscope under liquid nitrogen and kept at < -175 °C while imaging.
Pyrene fluorescence spectroscopy.
Fluorescence spectra were collected on a PerkinElmer LS 55 Fluorescence Spectrometer. Stock solutions of the polymers were first prepared at 1 g/L using the pure micelle assembly method and method A (unimer mixing) for the blended micelles. These stock solutions were then subsequently Table 1 for molecular weight data).
General procedure for chain extension of the copolymers with DMAEMA.
MacroCTA (1.0 eq), AIBN (0.2 eq) and DMAEMA (40 eq) were dissolved in DMF (1:1 volume compared to the monomer) and were added to a dry ampoule containing a stirrer bar. The solution was degassed using at least 3 freeze-pump-thaw cycles, back filled with nitrogen, sealed and placed in a preheated oil bath at 70 °C. After 7 hours the polymerization was quenched by liquid nitrogen, DMF was removed in vacuo and the resultant polymer diluted with H 2 O and transferred to a dialysis membrane tube with the appropriate molecular weight cut off (MWCO 6 -8 kDa) and dialyzed against 18.2 MΩ.cm water (1.5 L) with 3 water changes. Lyophilization resulted in a pink polymer. Table 1 for molecular weight data).
General procedure for copolymerization of ProMA with MMA.
A solution of 45 equivalents of a combination of the two monomers (L-Proline methacrylate, ProMA= x, MMA = 45 -x), 0.2 equivalents of AIBN and 1 equivalent of 4-cyano-4-[(ethylsulfanylthiocarbonyl) sulfanyl]pentanoic acid in DMSO (1:1 volume compared to monomer) were added to a dry ampoule containing a stirrer bar. The solution was degassed using at least 3 freeze-pump-thaw cycles, back filled with nitrogen, sealed and placed in a pre-heated oil bath at 70 °C. After 5 hours, (approximately 90% conversion) the polymerization was quenched using liquid nitrogen, the DMSO removed in vacuo and the resultant polymer diluted with dichloromethane and precipitated into cold MeOH. This resulted in a yellow copolymer which was further chain extended in the next synthesis step.
General procedure for chain extension of the copolymers with DMA.
MacroCTA (1.0 eq), AIBN (0.2 eq) and dimethyl acrylamide, DMA (110 eq) were dissolved in DMSO
(1:1 volume compared to the monomer) and were added to a dry ampoule containing a stirrer bar. The solution was degassed using at least 3 freeze-pump-thaw cycles, back filled with nitrogen, sealed and placed in a pre-heated oil bath at 70 °C. After 3 hours (approximately 99% conversion) the polymerization was quenched using liquid nitrogen, the DMSO removed in vacuo and the resultant polymer diluted with dichloromethane and precipitated into cold n-hexane resulting in a yellow copolymer. Preparation of the aqueous solutions of P(DMAEMA-co-DEAEMA)-b-PDMAEMA diblock copolymers.
Pure micelle samples
Pure micelle assembly was performed by diluting stock polymer solutions that were prepared at 20 g/L by dispersing the polymer in 18.2 MΩ.cm water containing the appropriate amount of HCl to reach α = 1, where α is defined as, α = [
. After one night of stirring α was lowered to α = 0 by the addition of the required amount of 1 M NaOH and the solutions were stirred again overnight, after which time the NaCl concentration was adjusted to 0.1 M by the addition of 4 M NaCl. The solutions were further stirred overnight before dilution to 2.5 g/L prior to analysis.
Blended micelle samples.
Two methods for the preparation of the binary solutions were used.
Method A (unimer blending) consisted of mixing dry bulk polymer samples together. These dry powders were then used to produce polymer solutions at 10 g/L which were prepared by dispersing the two polymer powders in 18.2 MΩcm water containing the appropriate amount of HCl to reach α = 1 to give a solution of blended unimers in a good solvent. After one night of stirring α was lowered to 0 by the addition of the required amount of 1 M NaOH and the solutions were stirred again overnight, after which time the NaCl concentration was adjusted to 0.1 M by the addition of 4 M NaCl. The solutions were further stirred overnight before being diluted to 2.5 g/L for analysis.
Method B (micelle blending) involved making individual polymer solutions of 32% DEAEMA and 91%
DEAEMA copolymers at α = 0 using the same protocol as for the pure micelle samples, at a concentration of 2.5 g/L. These solutions were then poured together at desired stoechiometric ratios and stirred to give the targeted % DEAEMA and then stored at room temperature.
Preparation of the L-proline-based polymer aqueous solutions.
Pure L-proline micelle assembly was performed using a direct dissolution method by dispersing the dry polymer powder in 18.2 MΩ.cm water. The solution was then sealed and heated to 75 °C for 4 hours whilst stirring. After this time the solutions were left to cool to room temperature and stirred overnight before analysis. For the blended L-proline micelle samples, the appropriate ratios of the two polymer powders were first weighed together and then the blended powder was dispersed as described above.
Characteristics of the P(DMAEMA-co-DEAEMA)-b-PDMAEMA diblock copolymers Table S2 . Molar mixing ratios for the blended block copolymers systems.
Blended diblock copolymer
Mole fraction of P-91
Mole fraction of P-32 Table S3 . SAXS parameters for P-85, B-85, P-76, B-76 in Figure 3 . Values are given as provided by the software. thickness is set equal to zero and the value of the SLS of the shell is set to a random value.
P-85
b One of the two background parameters has to be set equal to zero according to the NIST package for summation. The SLD value for the core is not set free and is calculated knowing the density of the monomers in the core block, the chemical formula and the energy of the SAXS beam with a free program on the NIST website.
13 Table S4 . SAXS parameters for P-65, B-65, P-50, B-50 in Figure 3 . Values are given as provided by the software. 0.0009 ± 0 0.001 ± 0 0.0004 ± 0 0.0001 ± 0 a K2 and K5 are not used in this model as we only use the core part of the PCR model thus the value of thickness is set equal to zero and the value of the SLS of the shell is set to a random value.
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Pyrene fluorescence experiments on the P(DMAEMA-co-DEAEMA)-b-PDMAEMA diblock copolymers. Figure S2 . Intensity ratio I 3 /I 1 from the steady state fluorescence of pyrene as a function of polymer concentration; data shown is for P-65 and B-65, prepared using Method A.
By using the steady state fluorescence spectroscopy of pyrene we can understand the formation of both the pure and mixed micelles. The principle of the method is based on the fact that the emission of pyrene depends on the polarity of its surrounding medium. Therefore, when pyrene is encapsulated in the micelles, an increase in the ratio of the absorbance at 339 nm compared to 335 nm intensity is observed, 14 and analyzing this ratio with concentration allows for a precise CAC determination. The CAC is taken from the inflection point of the intensity ratios versus concentration. However, the contrary is seen for the blended systems as all DEAEMA core loadings show very similar CAC values, approximately 4.9 × 10 -4 mol/dm 3 , comparable to that of the pure micelle sytem for P-91.
Plotting the concentration of P-91 in the blended system at the CAC for the micelles we observe that the values are extremely similar, Figure S3b . The concentration of P-91 at the CAC value in Figure S3b was calculated by multiplying the CAC values from Figure S3a by the blending ratio of P-91 in Table S3 for each % DEAEMA incorproation. At this point we are unable to distinguish if these results are representative of a true CAC or the partition equilibrium of pyrene between the micelle cores and the aqueous solvent. We can consider two possible scenarios may be occuring. Firstly, as the DEAEMA content decreases in the pure micelles there is a decrease in the core hydrophobicity. This decrease in core hydrophobicity means that pyrene is less efficiently encapsulated within the cores and the equilibrum is shifted causing more pyrene to reside in the aqueous solution and a higher CAC is observed. However for the blended system a different scenario is present, here it can be deduced that the P-32 polymer can encapsulate negligible levels of pyrene whereas the P-91 polymer can encapsulate much larger amounts of pyrene. Therfore only when P-91 polymers are present can pyrene effectively partition into the core. The second scenerio which could be occuring is that we are observing a true CAC for the micelles. For the pure system a decrease in CAC with increasing DEAEMA content is to be expected due to the increased hydrophobicity of the polymer chains and incompatability with the solvent. Hence, micelles with high DEAEMA content form at lower concentrations.
Cryo-TEM of the P(DMAEMA-co-DEAEMA)-b-PDMAEMA diblock copolymers. Note that although the slow mode scatters the most, it corresponds to a negligible weight fraction of polymer. Indeed, the slow mode corresponds to aggregates about 30 times as large as those corresponding to the fast mode. Considering that the intensity is proportional at least to the size of the aggregates to the power of 2 or 3, the slow mode represents much less than 1% by weight of the total sample and can therefore be neglected. thickness is set equal to zero and the value of the SLS of the shell is set to a random value.
b One of the two background parameters has to be set equal to zero according to the NIST package for summation.
The 120 hrs' time point SAXS data is expected to be extremely similar compared to P76. Similar values for the core radius, the dispersity, the SLD of the core, and the thickness of the shell (parameters K1, K3, K4, and K9) are obtained thus confirming that equilibrium is reached after 120 hrs for this composition.
A decrease in the core radius (K2) is observed upon time as well as an increase of the SLD of the core (K4). Such a trend for the SLD is coherent with theoretical calculations knowing the density (determined experimentally by SLS) and chemical formula of the core (8.638 10 -6 for a 85% DEAEMA in the core, 8.643 10 -6 for 76%, 8.649 10 -6 for 65%, and 8.656 10 -6 for 55%): a decrease of % of DEAEMA in the core leads to an increase of the SLD value for the core of the micelles. a K2 and K5 are not used in this model as we only use the core part of the PCR model thus the value of thickness is set equal to zero and the value of the SLS of the shell is set to a random value. b One of the two background parameters has to be set equal to zero according to the NIST package for summation.
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In a similar manner to equation 1 in the main text a theoretical relaxation distribution can be predicted for a non-blended mixture of micelles, as shown in equation S10.
Where I 13% and I 40% represent the intensity of scattered light of 13% L-proline micelles and 40% Lproline micelles respectively. 
